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Description 



[MANUFACTURING PRODUCT CARRIER 
ENVIRONMENT AND EVENT 
MONITORING SYSTEM] 

Background of Invention 

[0001] FIELD OF THE INVENTION 

[0002] The present invention relates to the field of monitoring a 
product during manufacture; more specifically, it relates 
to an apparatus, method and system for monitoring the 
environment surrounding a product and events affecting 
the product while in a product carrier during manufacture 
of the product. 

[0003] BACKGROUND OF THE INVENTION 

[0004] During manufacture of products that are stored and 

transported in product carriers between process tools, the 
environment seen by the product is different in many re- 
spects from the room environment, especially when the 
carrier is sealed from the room environment. Further, 



changes to the environment within the carrier and events 
affecting the carrier and product within the carrier while 
the product is being transported in the carriers are largely 
unmonitored. Undetected within product carrier environ- 
mental changes and undetected events experienced by 
the carrier and the product within the carrier can cause 
product yield loss or reliability fails that are very difficult 
to detect because there is no record of those environmen- 
tal changes or events affecting. Therefore, there is a need 
for an apparatus, method and system for monitoring the 
environment surrounding a product in a product carrier 
and events affecting the product carrier and the product 
in the product carrier during manufacture of the product. 
Summary of Invention 

[0005] A first aspect of the present invention is an apparatus, 

comprising: a product carrier adapted to transport prod- 
uct undergoing manufacture; and a first device adapted to 
sense an attribute of an environment within the product 
carrier or an event affecting the product carrier. 

[0006] A second aspect of the present invention is a method of 
monitoring an internal environment of a product carrier or 
events affecting the product carrier in a manufacturing fa- 
cility, comprising: providing the product carrier, the prod- 



uct carrier transporting product undergoing manufacture; 
and providing a first device sensing an attribute of the in- 
ternal environment of tlie product carrier or an event af- 
fecting tlie product carrier. 
[0007] A tliird aspect of tlie present invention is a manufacturing 
system comprising: a multiplicity of manufacturing tools; 
a multiplicity product carriers having micro-sensors, each 
product carrier adapted to transport product undergoing 
manufacture between the manufacturing tools and each 
micro-sensor adapted to sense at least one attribute of an 
environment within each product carrier or an event af- 
fecting each product carrier and adapted to transmit date 
and time stamped product carrier identity and attribute 
and event data; and one or more receiving stations, each 
receiving station adapted to receive the product carrier 
identity and attribute and event data from the micro- 
sensor. 

[0008] A fourth aspect of the present invention is a method of 

monitoring an internal environment of a product carrier or 
events affecting the product carrier in a manufacturing fa- 
cility comprising a multiplicity of manufacturing tools, the 
method comprising: providing a multiplicity product carri- 
ers having micro-sensors, each product carrier adapted to 



transport product undergoing manufacture between the 
manufacturing tools and eacli micro-sensor adapted to 
sense at least one attribute of an environment within each 
product carrier or an event affecting each product carrier 
and adapted to transmit date and time stamped product 
carrier identity and attribute and event data; and provid- 
ing one or more receiving stations, each receiving station 
for receiving the product carrier identity and attribute and 
event data from the micro-sensor. 
Brief Description of Drawings 

[0009] The features of the invention are set forth in the ap- 
pended claims. The invention itself, however, will be best 
understood by reference to the following detailed descrip- 
tion of an illustrative embodiment when read in conjunc- 
tion with the accompanying drawings, wherein: 

[0010] FIG. lA is a top view of an exemplary product carrier ac- 
cording to the present invention; 

[0011] FIG. IB is a front view of the product carrier of FIG. lA; 

[0012] FIGs. 2A, 2B, 2C and 2D illustrate exemplary methods of 
mounting a micro-sensor to the product carrier of FIGs. 
lAand IB; 

[0013] FIG. 3 is a detailed top view of an exemplary micro-sensor 



that may be incorporated in tlie product carrier of FIGs. 
lAand IB; 

[0014] FIG. 4A is a detailed top view of the micro-sensor 

mounted of FIG. 3 mounted on an exemplary optional ex- 
pansion card; 

[0015] FIG. 4B is a side view of the exemplary micro-sensor and 

expansion card FIG. 4A; 
[0016] FIG. 4C is a side view of the exemplary micro-sensor of 

FIG. 3 mounted to multiple optional sensor and expansion 

cards; 

[0017] FIG. 5 is a block schematic diagram of the micro-sensor 
of FIG. 3; 

[0018] FIG. 6 is an exemplary schematic diagram illustrating the 
relationship between components of a manufacturing fa- 
cility and elements of the present invention; 

[0019] FIG. 7 is a flow diagram of the for monitoring the environ- 
ment surrounding a product and events affecting the 
product while in the carrier during manufacture of the 
product; 

[0020] FIG. 8 is a diagram of an exemplary manufacturing facility 

incorporating the present invention; and 
[0021] FIG. 9 is a schematic block diagram of a general-purpose 

computer modified for practicing the present invention. 



Detailed Description 



[0022] The method and system for monitoring tlie environment 
surrounding a product and events affecting tlie product 
wliile in a product carrier during manufacture of tlie prod- 
uct will be described using an exemplary application of 
the present invention to a semiconductor manufacturing 
line manufacturing integrated circuits on wafers. In a 
semiconductor manufacturing line, the product is built 
from blanks called semiconductor substrates or wafers 
and the product carriers are termed wafer carriers (also 
called pods). Examples of semiconductor substrates in- 
clude bulk silicon substrates, silicon on insulator (SOI) 
substrates and sapphire, ruby and silicon-germanium 
substrates. The present invention may be applied to the 
manufacture of other products including examples of 
which include photolithography masks, photolithography 
reticules, semiconductor modules (or packages), circuit 
boards, magnetic disks, magnetic hard drive disks, mag- 
netic floppy disks and optical disks such as laser disks, 
compact disks and digital video disks, lenses and mirrors, 
wherein their corresponding substrates are transported 
and/or stored in appropriate product carriers. 

[0023] For the purposes of the present invention, a product car- 



rier in general and a wafer carrier in particular may be 
fully sealable (airtight) against manufacturing area atmo- 
sphere, may be open to manufacturing area atmosphere, 
may be totality light tight, or block only certain light 
wavelengths (such as ultraviolet), may block radio fre- 
quency radiation, may provide vibration and shock isola- 
tion or combinations of the above. For the purposes of the 
present invention, a controlled environment is defined as 
an environment in which one or more of temperature, hu- 
midity, chemical composition of the atmosphere, atmo- 
spheric pressure (including partial vacuums), particulate 
count or combinations of the above are controlled. 
[0024] FIG. lA is a top view and FIG. IB is a front view of an ex- 
emplary product carrier according to the present inven- 
tion. In FIG. 1, a wafer carrier (or pod) 100 includes an 
case 105 having a door 110, handles 115, and feet 120 
connected to a cassette 125 by pins 135. Cassette 125 is 
adapted to hold one or more wafers 130. There are many 
types of wafer carriers 100. One example of a wafer car- 
rier is a front opening unified pod or FOUR. A second ex- 
ample of a wafer carrier is standard mechanical interface 
or SMIF. Both FOUPs and SMIFs are commercially available, 
well known in to one of ordinary skill in the art and easily 



modified, if required, for tlie purposes of the present in- 
vention. l\/lounted inside wafer carrier 105 are one or more 
wireless micro-sensors 140, which in turn may be 
mounted on expansion cards 145. Wafers 130 are slidably 
held in grooves 150 in cassette 125. l\/licro-sensors 140 
are also known in the art as motes. 
[0025] Wafer carriers 100 may be designed to be openable only 
by a load/unload tool in a controlled environment or by a 
load/unload station of a process, measurement or inspec- 
tion tool. 

[0026] Wafer carrier 100, may be fabricated from sheet metal, 
clear, colored or opaque plastic, or a metal or plastic 
mesh. Wafers 130 may be any diameter including 100mm, 
150mm, 200mm, 300mm and 450mm. Micro-sensors 
140 and optional expansion cards 145 are illustrated in 
FIGs. 3, 4A, 4B and 4C and described infra. 

[0027] As is evident from FIGs. 1 and 2, micro-sensors 140 or 
expansion cards 145 may be mounted on an inside bot- 
tom surface 155, inside top surface 160 or on the inside 
surface of one or more sides 165 of wafer carrier 100 or 
any combination of top, bottom and side surfaces. 

[0028] FIGs. 2A, 2B, 2C and 2D illustrate exemplary methods of 
mounting micro-sensor 140 (or expansion card 145) to 



product carrier 100. In FIG. 2A, micro-sensor 140 is 
mounted to case 105 of wafer carrier 100 (see FIGs. lA 
and IB) by an adhesive 170. Alternatively, a micro-sensor 
140 may be mounted on an expansion card 145 (see FIGs. 
lA and IB) and the expansion card mounted to case 105 
by adhesive 170. 

[0029] In FIG. 2B, micro-sensor 140 is mounted to case 105 of 
wafer carrier 100 (see FIGs. lA and IB) by spring clip 175 
mounted to case 105. Alternatively, a micro-sensor 140 
may be mounted on an expansion card 145 (see FIGs. lA 
and IB) and the expansion card mounted to case 105 (see 
FIGs. lA and IB) by spring clip 175. Virtually any mechan- 
ical means may be used to mount a micro-sensor or an 
expansion card to case 105. 

[0030] In FIG. 2C, a micro-sensor 140A is plugged into an op- 
tional socket 185B embedded in case 105 using conduc- 
tive pins 180, to provide external electrical access to the 
micro-sensor. 

[0031] In FIG. 2D, micro-sensor 140A is physically mounted and 
electrically connected to expansion card 145 by conduc- 
tive pins 180. Expansion card 145 is mounted to case 105 
of wafer carrier 100 (see FIGs. lA and IB) by either adhe- 
sive or mechanical means. An optional socket 185A elec- 



trically connected to expansion card 145 protrudes 
through case 105 and provides means for reading data 
collected by micro-sensor 140 or expansion card 145 
(even though the micro-sensor can broadcast its data to a 
receiving station as described infra) or means for pro- 
gramming or testing the micro-sensor and/or expansion 
card. 

[0032] FIG. 3 is a detailed top view of an exemplary micro-sensor 
that may be incorporated in the product carrier of FIGs. 
lA and IB. In FIG. 3, exemplary micro-sensor 140B in- 
cludes pins 180 for electrically connecting the micro- 
sensor to other devices, a multiplicity of integrated cir- 
cuits 190A and discrete circuit elements 190B making up 
circuits illustrated in FIG. 5 and described infra, one or 
more sensors 195 and a battery 200. Integrated circuits 
190A and discrete circuit elements 190B, conductive pins 
180 and sensorsl95 many be mounted to both a topside 
and a bottom side of micro-sensor 140B. Micro-sensor 
140B includes both sensor and radio transceiver functions 
though micro-sensors having only the transmit function 
may be used in the present invention. Receiving stations 
are described infra. In one example, micro-sensor 140B 
may transmit and/or receive over a range of about 150 to 



300 meters. 

[0033] Note, that the only difference between micro-sensor 140 
(see FIG. 2A) , micro-sensor 140A (see FIG. 2C) and mi- 
cro-sensor 140B (see FIG. 4B) is the presence (or absence) 
and location of conductive pins 180. Micro-sensor 140 
(see FIG. 2A) has no conductive pins 180. Micro-sensor 
140 (see FIG. 2A) has conductive pins 180 only on a top 
surface. Micro-sensor 140 (see FIG. 2A) has conductive 
pins 180 on top and bottom surfaces. 

[0034] Turning to FIG. 5, micro-sensor 140/140A/140B includes 
a processor 205 connected to a memory 210 by a bus 
215, a sensor 195 connected to processor 205 by a bus 
220, an analog I/O circuit 235 and/or a digital I/O circuit 
230 both connected to processor 205 by a bus 235 and to 
a transceiver 240 by a bus 245. Transceiver 240 has an 
antenna 250 for transmitting sensor readings and option- 
ally for receiving programming or control signals, such as 
on, off, reset, test and poll. In certain applications, 
transceiver 240 can be replaced with a transmitter without 
receiving capability. Micro-sensor 140/140A/140B may 
continuously send back real-time sensor data, may send 
back real-time data periodically, send back stored data 
periodically, or send back stored data only when polled. 



Micro-sensor 140/140A/140B may also send out a loca- 
tion beacon in response to a poll signal. Micros-sensor 
140/140A/140B may have the ability to send back data 
from multiple sensors either in a coded data stream or on 
several frequencies at the same time. Sensor 
140/140A/140B is powered by rechargeable and/or re- 
placeable battery 200. 
[0035] Examples of a micro-sensor are the Mica2Dot wireless 
micro-sensor motes models MPR500CA and MPR510CA 
manufactured by Crossbow Technology, Inc. of San Jose 
Ca. 

[0036] FIG. 4A is a detailed top view of micro-sensor 140A 

mounted on an exemplary optional expansion card 145B 
that may be incorporated into wafer carrier 100 (see FIGs. 
lA and IB). Because of the small size of micro-sensor 
140B, about 25mm in diameter or smaller (though they 
my be any convenient size), sensor 195 (see FIG. 3) may 
be limited to a simple sensor such as a temperature sen- 
sor through other sensor types are possible. In FIG. 4A, 
expansion card 145A includes sockets (not shown) for 
electrically connecting the expansion card to micro-sen- 
sor 140B, a multiplicity of integrated circuits 255A and 
discrete circuit elements 255B, one or more additional 



sensors 260, an optional additional battery 265 and an 
optional socket 185A. Integrated circuits 255A and dis- 
crete circuit elements 255B and sensors 260 many be 
mounted to both a topside and a bottom side of expan- 
sion card 145A. An examples of an expansion cards are 
the Mica2Dot model MDA500CA prototype data acquisi- 
tion board manufactured by Crossbow Technology, Inc. of 
San Jose Ca., which may be modified by the user to incor- 
porate user defined sensors. 
[0037] FIG. 4B is a side view of micro-sensor 140B and expansion 
card 145A. In FIG. 4B, micro-sensor 140B is mounted and 
electrically connected to expansion card 145A by pins 
180. Expansion card 145A includes an optional socket 
185B. 

[0038] FIG. 4C is a side view of micro-sensor 140B mounted to 
two expansion cards 145Aand 145B. In FIG. 4C, micro- 
sensor 140B is mounted between and electrically con- 
nected to expansion cards 145B and 145B by pins 180. 
Expansion card 145A includes an optional socket 185B. 

[0039] FIG. 6 is an exemplary schematic diagram illustrating the 
relationship between components of a manufacturing fa- 
cility and elements of the present invention. In FIG. 6, a 
wafer carrier 300 having a micro-sensor 305, travels be- 



tween a first manufacturing tool 315A and a second man- 
ufacturing tool 315B on an optional track 310. Hereafter, 
the term micro-sensor will incorporate standalone micro- 
sensors and micro-sensors coupled to one or more ex- 
pansion cards. Micro-sensor 300 is similar to micro- 
sensors 140, 140A or 140B (see FIG. 5 and FIGs. 2A, 2C 
and 4C respectively) and expansion cards 145, 145A and 
145B (see FIGs. lA, 4A and 4C respectively) described 
supra. Wafer carrier 300 is similar to wafer carrier 100 
(see FIGs. lA and IB) described supra. Track 310 is op- 
tional because wafer carrier 300 may be carried by a hu- 
man operator or moved by a human operator on a cart. 
With very large wafers, such as 300 mm diameter wafers, 
mechanically unassisted transport of wafer carrier 300 
becomes difficult due size and weight. IVIanufacturing 
tools 315A and 315B may be process tools (for fabrication 
of integrated circuits on wafers), wafer inspection tools, 
wafer measurements tool or production control tools such 
as wafer load/unload tools, wafer or wafer carrier storage 
buffers or wafer sorting tools. 
[0040] Manufacturing tools 315A and 315B are linked to a pro- 
duction control system 320, which monitors the identity 
(ID) of wafer carrier 300 (and hence the lot of wafers con- 



tained in the wafer carrier) and tracl<s the wafer carriers 
location and time at location. In one example location is 
tracked by bar codes on the wafer carrier and bar code 
readers in manufacturing tools 315A and 315B. Produc- 
tion control system 320 also receives process parametric 
data from manufacturing tools 315A and 315B. If manu- 
facturing tools are inspection or measurement tools (or 
generate wafer based inspection or measurement data) 
then the manufacturing tools may also be linked to a sta- 
tistical process control (SPC) system 325. SRC system 325 
analyzes wafer-based parametrics in order to determine if 
the wafer lot under manufacture is meeting specification. 
The results of this analysis may be fed back to production 
control system 320. 
[0041] Micro-sensor 305 transmits the ID of wafer carrier 300 

and sensor data from the micro-sensor 305. Micro-sensor 
305 may monitor such exemplary attributes of the inter- 
nal environment of the wafer carrier such temperature, 
pressure, humidity, particulate count, the presence of 
specific materials such as oxygen, hydrogen, chlorine and 
fluorine or other elemental gases, chemical gases such as 
ammonia, water vapor, hydrogen fluoride, hydrogen chlo- 
ride, nitrogen oxides, silanes and solvents such as aico- 



hols, ketones, esters, amines and chlorinated or fluori- 
dated solvents within wafer carrier 300. Micro-sensor 305 
may also monitor such exemplary events affecting the 
wafer carrier and wafers it contains such as vibration, ac- 
celerations, shocks experienced by wafer carrier 300. Mi- 
cro-sensor 305 may also monitor other exemplary events 
such as intrusion of light (including UV, visible and IR), 
microwaves and the occurrence of electromagnetic events 
(i.e. EMI or static electric charge buildup) within wafer car- 
rier 300. Micro-sensor 305 may also monitor electro- 
static charging of wafer carrier 300. Any combination of 
the above may be monitored simultaneously. 

[0042] The sensor data, collected and transmitted (broadcast) by 
micro-sensor 305 along with the ID of the wafer carrier 
(or the ID of the micro-sensor) is received by a receiving 
station 330. In one example, receiving station 330 is a 
computer having a micro-sensor adapter card 335. An 
example of a micro-sensor adapter card is the Mica2 ra- 
dio module model MPR400CB mated to a Mote Interface 
Board model MIB500CA manufactured by Crossbow Tech- 
nology, Inc. of San Jose Ca. 

[0043] Receiving station 330 is linked to a wafer carrier monitor- 
ing system 340 which can receive data from production 



control system 320 and send data to SPC system 325. The 
link between production control system 320 and wafer 
carrier monitoring system 340 provides wafer carrier lo- 
cation information to the wafer carrier monitoring system 
via cross-reference to the ID of wafer carrier 300, the 
date/time stamp generated by manufacturing tools 315A 
and 315B and the recorded date/time that data packets 
are received from micro-sensor 305. Wafer carrier moni- 
toring system 340 may have the capability to compare 
sensor readings to limits and generate a flag to produc- 
tion control system 320 directly via an optional link 
(dashed line) or using SPC system 325 as a conduit or SPC 
system 325 may compare the sensor data to limits and 
generate flags to the production control system. SPC sys- 
tem 325 is capable of performing analyses that are more 
complicated or require long-term analysis such as trend 
analysis. An example of data generated by wafer carrier 
monitoring system 340 is illustrated in TABLE I. 



TABLE I 



LOT ID 



DATE/TIME 



LOCATION SENSOR 1 ... SENSOR N FLAG 



lOOAl 
100A2 
100A3 



10/6/03 01:44:45 
10/6/03 01:44:46 
10/6/03 01:44:47 



TOOL A 
TOOLB 
TOOLC 



20.3 °C 
20.2 °C 
21.2 °C 



O2 0.0 ppm 0 
O2 0.0 ppm 0 
O2 5.8 ppm 1 



lOOAl 
100A2 
100A3 



10/6/03 01:54:32 
10/6/03 01:54:33 
10/6/03 01:54:34 



TOOL A 
TOOLB 
TRAtoD 



20.3 "C 
20.2 °C 
21.2 °C 



O2 0.0 ppm 0 
O2 0.0 ppm 0 
O2 0.3 ppm 0 



[0045] In the example of TABLE I, wafer carrier monitoring sys- 
tem, a flag against lot 100A3 at tool C on 10/6/03 at 
01:44:47 could be sent to SPC system 340 and/or pro- 
duction control system 320. 

[0046] Production control system 320, SPC system 325, receiving 
station 330 and wafer carrier monitoring system 340 may 
each be installed on different computers or share one or 
more computers. 

[0047] FIG. 7 is a flow diagram of the method for monitoring the 
environment surrounding wafers and events affecting 
wafers while in a wafer carrier. In step 350, a lot of wafers 
is placed into the wafer carrier and a lot ID assigned to the 
wafer carrier. In step 355, the micro-sensor contained in 
the wafer carrier is programmed with the wafer lot ID or 
ID of the wafer carrier, the ID of the micro-sensor is 
recorded in wafer carrier monitoring system or the receiv- 
ing station. In step 360, as the wafer carrier travels 
through the manufacturing line the micro-sensor broad- 
casts the ID information along with sensor data. In step 
365 data is received by the micro-sensor interface system 
and date/time stamped. Steps 360 and 365 occur contin- 
uously or periodically in real-time. 

[0048] In step 370, the sensor data and date/time stamp are sent 



to the micro-sensor monitoring system. In step 375, tlie 
micro-sensor monitoring system merges tlie sensor data 
witli wafer carrier location information from tlie produc- 
tion control using the date/time stamps generated by 
each system as a cross-reference. The production control 
system knows when a wafer carrier enters or leaves a 
manufacturing tool and date/time stamps those events 
and knows from which manufacturing tool the wafer car- 
rier came from and to which manufacturing tool the wafer 
carrier is going. If the wafer carrier is in a tool when the 
broadcast signal is received, the micro-sensor monitoring 
system records the tool ID. If the broadcast signal is re- 
ceived after the wafer carrier has left a tool but before it 
enters another tool, the micro-sensor monitoring system 
records the wafer carrier is in transit between the two tool 
IDs. 

[0049] In step 380, merged data comprising location, date/time 
stamp, wafer carrier location and sensor data collected by 
the micro-sensor monitoring system is sent to the SPC 
system for analysis. SPC systems and their function are 
well known in the art. In step 390, the SPC system sends 
the merged data and/or any flags it generates to the pro- 
duction control system. In step 395, if the manufacturing 



process is complete, the method proceeds to step 400, 
otherwise the method loops back to step 360. In step 
400, the micro-sensor is deprogrammed, the wafer carrier 
optionally cleaned, and the wafer carrier made available 
for reuse in step 350. In step 405 the manufacture of the 
wafers is complete and they may be shipped to a testing 
line and dice and pick manufacturing line, which may also 
incorporate the present invention. 
[0050] Note, in some manufacturing lines, there is no SPC sys- 
tem. In these cases, the merged data may be sent to the 
production control system directly from step 370 and the 
processes performed in step 375 by the micro-sensor 
monitoring system are performed by the production con- 
trol system in step 410. The method would then proceed 
to step 395. 

[0051] FIG. 8 is a diagram of an exemplary manufacturing facility 
incorporating the present invention. In FIG. 8, manufac- 
turing line 415 includes multiple production line seg- 
ments 425. Each production line segment 425 include 
process tools 430, measurement tools 435, inspection 
tools 440, buffers 445 and load/unload tools 450 all 
linked to linked to production control and SPC systems as 
described supra and interconnected by a track 455. Re- 



ceiving station 330 receives sensor data from a multiplic- 
ity of wafer carriers 300 docl<ed at tools 430, 435, 440, 
445 and 450, progressing along tracks 455, on carts 460 
or in storage unit 465. In a very large line manufacturing 
line, where the distance between any given wafer carrier 
300 and receiving station 330 can exceed the transmit 
(and/or receive) range of the micro-sensor in the wafer 
carrier, a multiplicity of repeaters 480 are supplied which 
receive sensor data and send the data to receiving station 
300. Additionally a set of optional bar code readers 485 
linked to the production control system may be dis- 
tributed along tracks 455 to further refine the location of 
wafer carriers in transit between tools. When a carrier is 
placed on a cart 460 or storage 465, its location may also 
be sent to the production control system. 
[0052] It should be understood that all wafer carriers or just a 

selected number of wafer carriers in a manufacturing line 
need be equipped with micro-sensors. For example, if 
only random EMI events are being monitored, then a few 
micro-sensor equipped wafer carriers traveling through- 
out the manufacturing line are sufficient. Further, not all 
micro-sensor equipped wafer carriers need have the same 
micro-sensor. For example, some wafer carriers could 



have a micro-sensor adapted to sense temperature and 
some wafer carriers could have micro-sensors adapted to 
sense vibration. 

[0053] FIG. 9 is a schematic block diagram of a general-purpose 
computer modified for practicing the present invention. 
Generally, the method described herein with respect to 
monitoring the environment surrounding a product and 
events affecting the product carrier and the product in the 
product carrier during manufacture of the product is 
practiced with a general-purpose computer or one or 
more linked general purpose computers and the method 
may be coded as a set of instructions on removable or 
hard media for use by the one or more general-purpose 
computers. 

[0054] The general-purpose computer FIG. 9 is a schematic block 
diagram of a general-purpose computer modified for 
practicing the present invention, specifically for use as a 
receiving station and wafer carrier monitoring system. In 
FIG. 9, computer system 500 has at least one micropro- 
cessor or central processing unit (CPU) 505. CPU 505 is 
interconnected via a system bus 510 to a random access 
memory (RAM) 515, a read-only memory (ROM) 520, an 
input/output (I/O) adapter 525 for a connecting a remov- 



able data and/or program storage device 530 and a mass 
data and/or program storage device 535, a user interface 
adapter 540 for connecting a l<eyboard 545 and a mouse 
550, a port adapter 555 for connecting a data port 560 
and a display adapter 565 for connecting a display device 
570. 

[0055] ROM 520 contains the basic operating system for com- 
puter system 500. The operating system may alternatively 
reside in RAM 515 or elsewhere as is known in the art. Ex- 
amples of removable data and/or program storage device 
530 include magnetic media such as floppy drives and 
tape drives and optical media such as CD ROM drives. Ex- 
amples of mass data and/or program storage device 535 
include hard disk drives and non-volatile memory such as 
flash memory. In addition to keyboard 545 and mouse 
550, other user input devices such as trackballs, writing 
tablets, pressure pads, microphones, light pens and posi- 
tion-sensing screen displays may be connected to user 
interface 540. Examples of display devices include cath- 
ode-ray tubes (CRT) and liquid crystal displays (LCD). 

[0056] A computer program with an appropriate application in- 
terface may be created by one of skill in the art and stored 
on the system or a data and/or program storage device to 



simplify the practicing of tiiis invention. In FIG. 9, a mi- 
cro-sensor interface 575, a production control system in- 
terface 580 and an SPC interface 585 are connected to 
data port 560. The production control system and SPC 
system are each general-purpose computer systems simi- 
lar to computer system 500. In operation, information for 
or the computer program created to run the present in- 
vention is loaded on the appropriate removable data and/ 
or program storage device 530, fed through data port 560 
or typed in using keyboard 545. 

[0057] Thus, the present invention provides an apparatus, 

method and system for monitoring the environment sur- 
rounding a product in a product carrier and events affect- 
ing the product carrier and the product in the product 
carrier during manufacture of the product. 

[0058] The description of the embodiments of the present inven- 
tion is given above for the understanding of the present 
invention. It will be understood that the invention is not 
limited to the particular embodiments described herein, 
but is capable of various modifications, rearrangements 
and substitutions as will now become apparent to those 
skilled in the art without departing from the scope of the 
invention. For example, the data collected by some micro- 



sensors may not be broadcast, but read out by plugging 
the micro-sensor into a port on a computer and down- 
loading the data to an appropriate control or monitoring 
system. In a further example, micro sensors may be 
mounted on the outside of the wafer carrier and provision 
made for an opening for the sensor portion of the micro- 
sensor to have access to the interior of the product car- 
rier. Therefore, it is intended that the following claims 
cover all such modifications and changes as fall within the 
true spirit and scope of the invention. 



